Tn916 is a broad host range tetracycline resistance conjugative transposon. In most bacteria, this element enters the bacterial genome at multiple sites. However, in Clostridium difficile, the element has a strong hot spot when introduced by filter mating from Bacillus subtilis. In this work, the DNA sequence of the preferred insertion site (att916) was obtained. An environmental isolate of C. difficile was also discovered which contained an element indistinguishable from Tn916, Tn916CD. Tn916CD was found integrated at att916. ß
Introduction
Conjugative transposons are genetic elements that encode their own transfer from the genome of a donor cell to the genome of a recipient. These elements are highly promiscuous and are capable of being transferred over large phylogenetic distances. They commonly encode antibiotic resistance and this makes them clinically important. The most intensively investigated conjugative transposon is Tn916, this element was originally found in Enterococcus faecalis DS16 where it mediates tetracycline resistance via the tet(M) gene [1] . It has subsequently been transferred to many di¡erent Gram positive and Gram negative genera [2] . There are several recent reviews on conjugative transposons [2^4] .
The ¢rst step in conjugative transposition of Tn916 is excision from the donor DNA. This process is followed by circularisation of the element and its subsequent transfer to a new host, where the transposon inserts into a new DNA target site. The products of the transposon-encoded genes intTn and xisTn are required for excision [5] . IntTn is a site-speci¢c recombinase of the integrase family and is essential for the excision of Tn916 [5, 6] . Recent work has shown that both XisTn and IntTn are required for excision but only Int is required for integration. In fact, the presence of XisTn may inhibit integration of the transposon [7] . The excision of Tn916 from the donor has been compared with the excision of V phage as both proceed by a mechanism that involves staggered cuts at both ends of the element followed by circularisation and transfer to a new host [8] . However, the recombination sites of V are homologous, while those of Tn916 are not. Tn916 excision involves the IntTn-mediated production of 5P protruding staggered endonucleolytic cuts. One strand is cut six bases from the end of the transposon and the other immediately adjacent to the end. The resulting single strand overhangs that £ank the transposon are then ligated to form a covalently closed circle. As Tn916 does not duplicate its integration target, the two overhangs are not usually complementary and the resulting joint between the two ends of the conjugative transposon may be a heteroduplex (these properties are reviewed in [2^4]). However, in E. faecalis, only a homoduplex joint has been found in the circular intermediate [9] . The 6 bp that £ank the transposon are called coupling sequences.
Because of its broad host range, Tn916 has been used as an insertional mutagen in several di¡erent species reviewed in [2^4]. It has also been used for introducing heterologous genes into the chromosome of several di¡erent species [10, 11] . This use of Tn916 has promoted studies into target site selection by the element and several studies have shown that the insertion of Tn916 is not random. The transposon inserts into sites that are A-T rich and have limited homology with the ends of the element [12, 13] . It has been suggested that the choice of targets is determined by structural features in the DNA [3] . In this regard, it has been shown that the target sites of Tn916 contain a static bend [3] . However, in almost all hosts examined so far, Tn916 inserts at multiple sites. In contrast to these ¢nd-ings, we have shown that when Tn916 is transferred into the anaerobic pathogen Clostridium di¤cile, by ¢lter mating, insertion of the element could only be detected at one site [14] . In the current study, we investigate this phenomenon further by determining the DNA sequence of the insertion site of Tn916 in C. di¤cile. We further show that an environmental isolate of C. di¤cile contains a Tn916-like transposon inserted into the same site as is chosen by Tn916 in the transconjugants that we originally isolated.
Materials and methods

Bacterial strains and plasmids
All the bacterial strains and plasmids used in this study are shown in Table 1 . The C. di¤cile and Bacillus subtilis strains were grown on Brain Heart Infusion agar or in broth (Oxoid, Basingstoke, UK). Where appropriate, medium was supplemented with erythromycin (100 Wg ml 31 ) and/or tetracycline (10 Wg ml 31 ). All C. di¤cile strains were grown at 37³C in an anaerobic chamber (Don Whitley Scienti¢c Ltd.) with an atmosphere of 80% N 2 , 10% H 2 , 10% CO 2 . B. subtilis strains were grown at 37³C aerobically.
Filter mating
The ¢lter mating experiments were performed as described previously [15] .
Preparation of genomic DNA
Genomic DNA from C. di¤cile and B. subtilis was prepared using the Gram positive DNA isolation kit (Puregene). Plasmid DNA was prepared using the Qiagen (Crawley, UK) plasmid mini-prep kit.
Genomic DNA sequencing
Genomic sequencing was carried out in a reaction containing 8 Wl Big Dye Mix (PE Biosystems, Warrington, UK), 15^30 pmol primer, 3^6 Wg puri¢ed genomic DNA, 1 Wl ThermoFidelase (Fidelity Systems, Inc.), and water to make up to a total volume of 20 Wl. The thermocycling conditions were: 95³C for 5 min, followed by 99 cycles of rapid thermal ramp to 95³C, 95³C for 30 s, rapid thermal ramp to 55³C, 55³C for 20 s, rapid thermal ramp to 65³C, 65³C for 4 min. This was followed by rapid thermal ramp to 4³C and hold. These samples were ethanolprecipitated, and analysed on an ABI PRISM 310 Genetic Analyser.
PCR
The PCR reaction consisted of 30 cycles of denaturation (94³C, 1 min), annealing (50³C, 1 min) and extension (72³C, 1^3 min). The products were stored at 4³C until ready for analysis. The Taq polymerase was obtained from Promega and reactions were carried out in bu¡er provided by the manufacturer. All the oligonucleotide primers used in PCR and genomic DNA sequencing were obtained from Genosys, they are shown in Table 2 .
Results
DNA sequence of the hot spot for Tn916 in the C. di¤cile genome
Previous Southern blotting data indicated that Tn916 entered the C. di¤cile genome at one speci¢c site when it was introduced by ¢lter mating from B. subtilis [14] . We repeated this work and generated new C. di¤cile transconjugants by mating B. subtilis BS5 with C. di¤cile CD37. Tetracycline resistant transconjugants were obtained at a frequency of 10 37 per donor cell. Two of these independently derived transconjugants, FM136 and FM128 (Table 1) , were chosen for further study. Southern blot analysis indicated that Tn916 had entered the genome of these strains at the same site as previously described (results not shown), con¢rming our previous data [14] . Direct genomic DNA sequencing was performed to obtain the transposon^chromosome junction regions in FM136 and FM128, primers REO and LEO were used to obtain the right and left junction regions, respectively (Table 2B ). The DNA sequence of the transposon^genome junction is identical in both transconjugants (the sequence in FM136 is shown in Fig. 1A) . The DNA sequence of the target site (att916) in the recipient C. di¤cile strain CD37 was also obtained by direct genomic sequencing and PCR sequenc- 5P-AGCAGGAAAACAGGCAGGAG-3P 588-bp product containing orf23, orf22 and orf21 CT4 5P-GGGCTACAAAATCGGCACTC-3P CT5 5P-CATCAATAGAAATACGACTG-3P 553-bp product containing orf21 CT6 5P-AGTCTTTCATTTTACGATAG-3P CT7 5P-TTTTGTAAATCCCTTGTAAC-3P 1000-bp product containing orf21 CT8 5P-GAAAATATCAAGACCAACTC-3P CT9 5P-ACCAGAACTCCTTTGTCCAG-3P 903-bp product containing orf21 and orf20 CT10 5P-CTTTCTAATACTGGCTTGTC-3P CT11 5P-TAATTTTAAAGGCGGTATGC-3P 796-bp product containing orf21 and orf20 CT12 5P-CCGTTTAGCTGTTGCGACTG-3P CT13 5P-TCCTGTTCTTTTACTGACTG-3P 1141-bp product containing orf20 CT14 5P-TTAAAAGAAAAACGCTTGGC-3P CT15 5P-ATACAGTACCTTTTCCACAG-3P 1095-bp product containing orf20, orf19, orf18, orf17 CT16 5P-ACTGACAGACCGACACAAGC-3P CT17 5P-TGTCTGTCCGTAAAGGTGTT-3P 1020-bp product containingorf17 and orf16 CT18 5P-GTGGCTCAATCAGCTACCCC-3P CT19 5P-GGGAAATCTCTGGCAAGGTT-3P 997-bp product containing orf16 CT20 5P-GTCGTTTCAAAATCCGCAGG-3P CT21 5P-CAAGTGGGTATCGGCTGTAT-3P 1141-bp product containing orf16 and orf15 CT22 5P-CAAGCAGTGATTGTAGACCC-3P CT23 5P-GCTTTGTTATGGCTCGTTTT-3P 1010-bp product containing orf15 CT24 5P-CGGTGGTTCAAGCTGCGGGC-3P CT25 5P-AAACAGAAGCAGTGAGAAGA-3P 1167-bp product containing orf15 and orf14 CT26 5P-TTTATTTTAAGCATGATTCC-3P CT27 5P-CTCTATCCTACAGCGACAGC-3P 930-bp product containing orf13, 12 and tet(M) CT28 5P-ATATACGAGTTTGTGCTTGT-3P CT29 5P-CCTGCTCGGTGTATTCAAGA-3P 800-bp product containing tet(M) and orf9 CT30 5P-TATGATTTAGAGCCTTTGG-3P B: Primers used for genomic DNA sequencing Name DNA sequence Primer location LEO 5P-GGTTTTGACCTTGATAAAGTGTGATAAGTCC-3P 38 bp from left end of Tn916 REO 5P-CGAAAGCACATAGAATAAGGCTTTACGAGC-3P 45 bp from right end of Tn916 RGI 5P-GCTTTCGTGTATAAAAAACGGATATACCAC-3P with LGI will amplify the target sequence LGI 5P-GTAGATGGAAAGGTAGATGC-3P with RGI will amplify the target sequence a The genes expected to be ampli¢ed from Tn916 [17] , the results are shown in Fig. 2 .
ing using the primers RGI and LGI. This allowed the DNA sequence`before' insertion to be determined (Fig.  1B) . Comparison of the DNA sequence before and after insertion of Tn916 allowed the coupling sequences to be identi¢ed (Fig. 1) . The coupling sequences brought in by the transposon are located on the right end of Tn916 when it is integrated in the C. di¤cile chromosome. A search of the database using the Tn916 target region indicates that the transposon has inserted into an intergenic region close to a gene homologous to branched-chain fatty acid kinase, yqiU, from B. subtilis (the C. di¤cile database can be viewed at http://www.sanger.ac.uk/Projects/C_di¤cile/ and the B. subtilis sequence database at http://genolist. pasteur.fr/SubtiList/). In order to determine if Tn916 always entered the C. di¤cile genome at the same site, a set of independent transconjugants were isolated. Two independently derived B. subtilis donors, BS7 and BS10, were used (Table 1) . These strains were used in a ¢lter mating with C. di¤cile CD37 as the recipient. Transconjugants arose at a frequency of 10 37 per donor in all cases. All of the transconjugants listed in Table 1 were subject to Southern blot analysis and of the transconjugants from the mating BS7UCD37, all except FM46 had the same sized hybridising fragments as previously reported [14] , as did the transconjugant from the mating BS10UCD37, FM154 (results not shown). These results show that att916 is a strongly preferred insertion site for Tn916 in the C. di¤cile genome but that at least one other site can be used. They also show that the same hot spot is preferred even if a di¡erent donor is used (BS10, BS5 and BS7 all had Tn916 inserted at di¡erent sites). Fig. 1 . A: DNA sequence of the Tn916^C. di¤cile genome junction region in strain FM136 (C. di¤cile CD37: :Tn916). The Tn916 sequences are written in bold type and the genomic regions in plain text. The coupling sequences are underlined. B: DNA sequence of the Tn916 target site in C. di¤cile CD37 before Tn916 insertion. The consensus target in pAML1 and in mini1545 are also shown for comparison. The regions that will form part of the coupling sequence are underlined. Fig. 2 . A: PCR using template DNA from strain 42373 with primers designed to amplify regions of Tn916. The DNA sequence of the primers used in these experiments and the region of Tn916 that will be ampli¢ed are listed in Table 2A . Lanes: M, molecular mass markers; 1, primers CT1+CT2 ; 2, primers CT3+CT4 ; 3, primers CT5+CT6; 4, primers CT7+CT8 ; 5, primers CT9+CT10; 6, primers CT11+CT12; 7, primers CT13+CT14; 8, CT15+CT16; 9, primers CT17+CT18; 10, primers CT19+CT20; 11, primers CT21+CT22; 12, primers CT23+CT24; 13, primers CT25+CT26; 14, primers CT27+CT28; 15, primers CT29+CT30. B: PCR using template DNA from C. di¤cile strain FM136, the lanes contain the same molecular mass markers and primers as A.
An element indistinguishable from Tn916 occurs in an
environmental isolate of C. di¤cile and it is found inserted at att916
The majority of naturally occurring tetracycline resistant C. di¤cile strains contain the conjugative transposon Tn5397 [16] . This element di¡ers from Tn916 in two crucial ways: in Tn5397, the genes intTn, xisTn have been replaced by an unrelated site-speci¢c recombinase, tndX [15] , and Tn5397 contains a group II intron whereas Tn916 does not [16] . In a separate study, we were investigating a set of tetracycline resistant C. di¤cile strains for the presence of tndX and the group II intron. One strain (42373) was found which did not contain these elements. This strain was kindly provided by Drs Veit Braun and Christoph von-Eichel Streiber from the University of Mainz, Germany. Strain 42373 was investigated further by designing PCR primers that will amplify most open reading frames within Tn916 (as the complete DNA sequence of Tn916 is known [17] ), PCR products of appropriate size were observed with each primer pair (Fig. 2) . The PCR product that was thought to contain the intTn region was sequenced and was found to be identical to the Tn916 sequence (results not shown). Therefore, strain 42373 contains an element indistinguishable from Tn916 (which we have termed Tn916CD).
The DNA sequence of the transposon^genome junction of Tn916CD in strain 42373 was obtained by direct genomic sequencing using primers LEO and REO that read out from the left and right ends of Tn916. The results showed that the site of insertion of Tn916CD in 42373 is identical to the insertional hot spot for Tn916 in C. di¤cile CD37 (Fig. 1) . Furthermore, the ends of Tn916CD were identical to the ends of Tn916 (shown in Fig. 1 ).
Discussion
In this work, we have shown that the conjugative transposon Tn916 has a hot spot in the C. di¤cile genome. Other workers have shown that Tn916 and the closely related conjugative transposon Tn1545 (the ends of Tn916 and Tn1545 are almost identical) have preferred integration sites in most hosts [12, 13] . These target sites are compared with the Tn916 target in C. di¤cile in Fig. 1 . The C. di¤cile target site is a typical Tn916 insertion site with one end that is A rich and another that is T rich. The transposon enters the genome with its 5P T containing end adjacent to the A rich region of the target. The sequence GTATAT (Fig. 1 ) by analogy to other Tn916 target regions is likely to act as a spacer between the A rich region of the target and the T rich region [3] . Although analysis of other bacteria has shown that insertion of Tn916 is not random, C. di¤cile is one of the few bacteria in which the element has such a highly preferred insertion site.
Tn916 is being used as an integrative vector for C. di¤-cile [10] . The fact that it has a hot spot for insertion in an intergenic region makes it highly suited to this role as it is likely to have a small or negligible e¡ect on host gene expression. Furthermore, as the element has a highly preferred insertion site, meaningful comparisons can be made between di¡erent genes cloned into this site, as the local genomic environment is identical. The C. di¤cile strain 42373, which is a non-toxigenic environmental isolate, contains a genetic element, which is indistinguishable from Tn916, Tn916CD. This element also inserts into the same site as Tn916 in the C. di¤cile CD37 transconjugants. Moreover, Tn916CD also has the same coupling sequence as Tn916. This is an unexpected ¢nding as the coupling sequences brought in by the transposon are usually the 5P coupling sequence from the donor [3] . At ¢rst sight, it would seem extremely unlikely that the strain which donated Tn916CD to strain 42373 had the same coupling sequence as BS5. However, the coupling sequences have been shown to play a role in the frequency of conjugative transposition [18] . The mechanism for this is not entirely clear but one possibility suggested by Pethel and Churchward [19] is that the e¤ciency of transcription over di¡erent coupling sequences a¡ects the frequency of transfer. This was suggested because after excision the transposon circularises and transcription of the tra genes initiates near the right end of the transposon and the transcript has to pass through the coupling region [20] . Therefore, the coupling sequences could have an e¡ect on tra gene expression by in£uencing the e¤ciency of transcript elongation. It is conceivable that the coupling sequences seen in these experiments are the optimum for elongation.
We have recently shown that the majority of tetracycline resistant C. di¤cile strains contain the novel conjugative transposon Tn5397 [16] . Tn5397 di¡ers from all other Gram positive conjugative transposons that have been studied so far in that insertion and excision are mediated by the large resolvase, TndX. However, the central region of Tn5397 is closely related to the central region of Tn916. The ¢nding of a natural isolate of C. di¤cile that contains an element indistinguishable from Tn916 is therefore signi¢cant as it shows that Tn5397 and Tn916 have the possibility of meeting in the same host. Possibly Tn5397 arose via a recombination reaction between ancestral elements, one of which contained a Tn916-like conjugation system and the other an element containing TndX. We have also recently shown that the two transposons can stably co-exist together in the same cell and that there is no barrier to transferring Tn916 into a cell that contains Tn5397 and vice versa [15] . However, there is some interaction between the two elements, as Tn5397 can sometimes induce the loss of Tn916 and vice versa [15] .
In conclusion, we have shown that the conjugative transposon Tn916 has a highly preferred integration site, att916, in the C. di¤cile genome. However, att916 is not the only integration site for Tn916 in C. di¤cile. Furthermore, an environmental isolate also contains Tn916CD, an element indistinguishable from Tn916, integrated at the same site.
